Abstract Malaria is a reemerging disease in the countries where it was eradicated previously, whereas it is endemic in many countries including tropical countries. In India, malarial infection is on rise due to rapid urbanization and overcrowding in all major metropolitan cities. The incidence of morbidity and mortality due to malaria infection is increasing and could be attributed to drug resistance in strains of malarial parasite. Combining immune modulation strategies with anti-malarial drugs has a beneficial effect in an attempt to improve treatment for malaria. Along with clinical presentation and outcome of this parasitic infection, it is important to understand immunological disturbances associated with biological mechanisms underlying these actions in better understanding of pathogenesis of malarial infection. Immune and inflammatory responses in malarial infection are controlled and co-ordinated by various cytokines and chemokines. This review focuses on commonly seen immunological disturbances associated with malarial infection resulting in related humoral and cell mediated immune functions primarily with innate to subsequent adaptive immunity in tackling this parasitic infection.
Introduction
Malaria now seem to be endemic in many parts of the world and its returning even to those countries from which it had been eradicated. Acute malaria is quite common in the developing countries and even developed countries now have to deal with problems associated with malarial infection because of extensive population movement from endemic areas. It is also a matter of great concern in fast developing metropolitan cities in India, which are being trade and commercial centres, attract a large floating population. Nearly two million cases of malaria occur every year in India. WHO data indicated that over 40 % of the world's population is under risk and about 300 million suffer from malaria every year, with 1-3 million deaths annually (Thakur 2001) . There is rapid rising trend of P. falciparum infection from 20 to 40 % and the ratio of P. falciparum to P. vivax malaria infection varies significantly throughout the country. The incidence morbidity and mortality due to malarial infection are increasing which could be attributed to drug resistance in strains of malarial parasite and resistance of vectors.
Clinically malaria can be broadly classified into two categories, namely uncomplicated and complicate malaria. Uncomplicated malaria is usually diagnosed by characteristic signs and symptoms of disease where fever is the most common symptom. Other complaints include mild to moderate malaise, fatigue, muscle aches, back pain, headache, dizziness, loss of appetite, nausea, vomiting, abdominal pain and diarrhoea. Some patients report a dry cough and shortness of breath. Gastrointestinal complaints can be considerable suggesting a diagnosis of gastroenteritis. Patients with several malarial infection may present with more adverse symptoms like confusion or drowsiness with extreme weakness (prostration). Additionally cerebral malaria, convulsions, severe anaemia, hypoglycaemia, acute renal failure (ARF), acute pulmonary oedema and adult respiratory distress syndrome (ARDS), bleeding, jaundice and hyperparasitaemia. These complications can occur singly or more commonly in combination (Trampuz et al. 2003 ; Table 1 ).
The severe complications of P. falciparum infection cause morbidity leading to around two million deaths annually where many of these deaths are due to cerebral malaria. Cerebral malaria (CM) is a major life threatening complication of P. falciparum infection in humans. Theories proving mechanisms understanding the fatal cerebral complications suggest that the adherence of parasitized RBCs to the cerebral vasculature leads to obstruction of microcirculation anorexia or metabolic disturbances affecting brain function leading to coma. Another complication which is most commonly seen is a chronic and progressive glomerulopathy. Acute malarial nephropathy had been reported to be associated with P. falciparum with a few cases reported with P. vivax infection. This presents as steroid resistant nephritic syndrome in children with characteristic histopathologic lesion showing mesangiocapillary glomerulonephritis with sub endothelial immune complex deposits containing IgG, C3 and malarial antigens. ARF complications in malarial infection is very common in endemic areas where jaundice is the most common association along with anaemia and thrombocytopenia (Abdula et al. 2002) . Pulmonary oedema is another complication of severe malaria in some adults, though generally not in children. Chakravarty et al. (2004) had reported acute inflammatory demyelinating polyneuropathy (AIDP) following P. vivax infection and Guillain-Barre syndrome (GBS) following P. falciparum and P. vivax infection. In a study by Tavani et al. (2000) , an association between a history of several chronic infections and inflammatory diseases had been reported. The risk of non-Hodgkin's lymphoma (NHL) and Hodgkin's disease (HD) with malarial infection had been reported which are compatible with a role of chronic immunological alterations in the aetiology of lymphomas (Tawani et al. 2000) . Anemia is a common complication in malarial infection, although the consequences are more pronounced with P. falciparum malaria (Ghosh 2007) . Anemia in this infection is caused by varieties of pathophysiologic mechanisms. In areas where malaria infection is endemic, co-morbidities like other parasitic infestations, iron, folate and Vitamin B12 deficiency, deficiency of other nutrients, are aggravated by anti-malarial drugs both through immune and non-immune mechanisms. In different endemic areas, beta-thalassemia, alpha-thalassemia, Hb S, Hb E, G6PD deficiency, or ovalocytosis in different proportions interact with this infection. Finally, aberrant immune response to repeated or chronic falciparum malarial infection may produce tropical splenomegaly syndrome, a proportion of which show clonal proliferation of B lymphocytes. Cooperation between chronic malarial infection and infection with E-B virus infection in producing Burkitt's lymphoma is well known (Ghosh 2007) .
Malarial parasite has gained the way to escape from host immune system by hindering antibody production, avoiding antigen recognition and keeping infected cells live, thus causing immunological disturbances in the host. For many years the destruction of malaria parasites during the host immune response was considered to be mainly dependent on production of antibody and phagocytosis of parasitized RBCs, principally by macrophages in the spleen. However, more recently it has become apparent that this scheme cannot explain all clinical observations about malaria particularly the presence within intact RBCs of degenerating parasites. An extensive tissue damage is seen in some host species even when the parasite burden is very low (Celada et al. 1982) . The immune response to malaria is not well understood as yet. The presence of serum antibodies in individuals living in regions where malaria is endemic indicates that the immune system mounts a humoral response against the parasite. This immunity is strainspecific and can be lost if the individual migrates to a region where malaria is not endemic. Furthermore, the efficacy of the humoral response is limited by the intracellular tendencies of the parasite as well as its ability to alter its surface molecules through various maturational stages.
Humoral response is bolstered by a variety of non-specific effector mechanisms. Presence of excess type-1 cytokines, including IFN-a, IL-2, IL-12, and TNF-a, had been confirmed in infected individuals. However, the ability of an infected individual to generate CTL activity is severely limited. Infected hepatocytes are the only cellular targets expressing requisite class I MHC molecule. (Stach et al. 1986 ). Rapid onset of immune response to malaria is through engagement of innate immune system with the production of IFN-c and other pro-inflammatory cytokines, which limits parasitic growth. The absence of signalling molecule, MyD88, in the innate immune response, alters outcome of malarial infection. This suggests that an early innate immune response to malarial infection is important for controlling parasite growth and perhaps determine whether immunopathology develops at a later stage of infection. Several aspects of malaria infection pathology seem inexplicable in terms of immunopathological reactions. In other words an over-vigorous, excessively prolonged or not specifically targeted host immune response may cause 'bystander' damage to host cells and tissues. One of the most important effects of P. falciparum infection is capillary endothelial damage, which causes increased vascular permeability leading to an impairment in microcirculation (Hemmer et al. 2005) . Hemodynamic alterations, hematologic change and, immunologic response are among the major pathophysiologic mechanisms in pathogenesis of malaria. Based on these mechanisms, renal involvement in P. falciparum infection varies widely. Disturbances in the renal microcirculation are responsible for ARF, massive intravascular hemolysis causes hemoglobinuria with or without renal failure, and immunologic reaction to parasites accounts for glomerular lesions. In addition, fluid and electrolyte disorders may result from non-specific effect of fever.
Thus it has been observed that infection with P. falciparum cause a number of immunologic disturbances in host. One of the most consistent and striking responses to falciparum malaria is early expansion of cd T cells. The mechanisms underlying marked cd T cell response to P. falciparum and specific antigens involved still remain unknown. A soluble P. falciparum antigen that specifically stimulated cd T cells had been found to be associated predominantly with schizonts rather than ring forms, trophozoites or gametocytes. Concurrent stimulation of cd T cells by schizont associated antigen (SAA) and by cytokines released from activated monocytes (IL-10, IL-2. IL1b) may represent major mechanism underlying selective activation of cd T cells (Hviid et al. 1996) .
Studies on malarial infection during pregnancy had reported that general decline in immunity is most marked in first pregnancy and particularly in the third trimester, where pregnancy may be interrupted or maternal and/or fatal death may occur. However, these effects become less pronounced with increasing parity (Hasan et al. 2006) . Effects of malarial infection during pregnancy are related to frequency and severity of attacks and rapid installation of anaemia due to haemolysis and sequestration of infected RBCs into reticuloendothelial system (RES). It has been shown that even non parasitized RBCs may be opsonized and make autoantibodies prone to haemolysis. Such opsonized RBCs are sequestered into spleen and removed from circulation macrophages. Effects of malarial infection on pregnancy is seen more commonly in pregnant women with frequent parasitaemia where ultimate effect of placental parasitization can result in intra uterine growth retardation (IUGR), low body weight (LBW) or intra uterine death (IUD).
Maternal or placental malaria is a common complication in regions where malaria is endemic, particularly among primigravidae, or women carrying their first pregnancy. Mortality rate among pregnant women, in regions where malaria is unstable, is 2-10 times greater than non-pregnant women. In addition to death, maternal malaria is associated with premature delivery, intrauterine growth retardation (IUGR), perinatal mortality in the infant, and anemia in the mother. These symptoms are in addition to traditional pathological outcome of malaria. Most reported cases of maternal malaria have been attributed to P. falciparum. It is well established that pregnant women are rendered susceptible to many diseases requiring type 1 cytokine responses for protection. These diseases include Tuberculosis (TB), malaria, and leishmaniasis among others. However, in infected, pregnant women, IL-10 levels are decreased, while IFN-c, IL-2 and TNF-a levels are elevated, which are the hallmarks of a type-1 cytokine response. These pro-inflammatory cytokines account for the pathology of maternal malaria. Furthermore, elevated levels of TNF-a are found to be associated with severe maternal anemia and consequently, significant pregnancy complications. It is believed that anemia is caused by suppression of placental erythropoietin. In infected women, cytokine elevation is localized, thus contributing to adverse pregnancy outcomes (Ramasamy 1998) . Whitworth et al. (2000) had reported an increased frequency of clinical malaria and parasitic density in HIV infection where a greater parasitaemia with advancing immunosuppression had been reported. Parise et al. (1998) reported that chemoprophylaxis for malaria is less effective in HIV positive than HIV negative individuals indicating that HIV co-infection alters all the aspects of malarial infection. Exact interaction between diseases can be understood by HIV-1 proviral load, IL-6, TNF-a levels in these patients. It was also reported that there is a need to determine the impact of HIV infection on malarial chemoprophylaxis, specific effect of HIV infection on immunity against malaria and whether protection against malaria can slow the progression of HIV disease (Suri et al. 2006) . Results of these studies will go a long way in prolonging the life of HIV patients as well as decreasing mortality and morbidity due to malaria. Laufa et al. (2006) had reported that profoundly immunosuppressed adults with HIV infection require more frequent treatment for uncomplicated malaria, but malaria infection and disease are less strongly associated with HIV associated immune suppression than other opportunistic infections where malaria is common. High incidence of fever had been reported among immunosuppressed adults may lead to mal classification of illness episodes as malaria (Laufa et al. 2006) .
Various autoantibodies had been reported in patients with malarial infections where vasculitic lesions related to falciparum malaria had been described (Pradhan et al. 2002; Yahya et al. 1997 ). Autoantibodies such as antinuclear antibodies (ANA), anti-neutrophil cytoplasmic antibodies (ANCA), anti-lactoferrin (anti-LF) antibodies were found to be associated with malarial infection. Autoantibody positivity and presence of circulating immune complexes (CICs) may pay a role in etiopathogenesis of malarial infection. There is a need to investigate whether repeated malarial infection in a susceptible individual develop vasculitic disorders through the production of ANCA pathway leading to associated complications like glomerulonephritis or post infectious encephalomyelitis. It could also be interesting to see how long these autoantibodies persist without reinfection and also to see whether the autoantibody negative cases remain so with recurrent malarial infections. It had reported that presence of CICs, cryoglobulinemia and complement consumption in P. falciparum malaria is associated with cerebral malaria and very rarely with uncomplicated infection (Adam et al. 1981) . The production of autoantibodies after malarial infection may be under the influence of immune response (IR) genes or the genes within MHC. The role of polyclonal B cell activation in final outcome of the disease warrants investigation. It is also important to study whether the polyclonal B cell activation hamper the development of protective immunity following malarial infection.
Combining immune modulation strategies with antimalarial drugs has a beneficial effect in an attempt to improve treatment for malaria. Along with the clinical presentation and outcome of this parasitic infection, it is important to understand immunological disturbances and the biological mechanisms underlying these actions in better understanding of pathogenesis of malarial infection.
